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PREFACE 
Mathematical models for impacts of agriculture on the en- 
vironment are useful tools for understanding the phenomena, 
forecasting them or elaborating recommendations to control them. 
One of the objectives of REN Task 3 "Environmental Problems of 
Agriculture" is to collect and assess existing models describing 
water-related and soil-related environmental impacts of agricul- 
ture. The Task members expect to complete this undertaking by 
the end of 1980. Some work on the collection of models and their 
application to a number of case studies in the National Member 
Organizations has been done in-house. As part of this ongoing 
work, a Task Force Meeting organized by I. Shvytov was convened 
to discuss our progress, to study the least understood issues, 
to refine cooperative studies with colleagues outside IIASA, and 
to help them improve their collaborative efforts with one another. 
This paper presents a rather brief overview of the meeting before 
the proceedings are published. 
G. Golubev 
Task Leader 
Environmental Problems of Agriculture 
This  paper was o r i g i n a l l y  prepared under t h e  t i t l e  "Modelling 
f o r  Management" f o r  p r e s e n t a t i o n  a t  a  Nate r  Research Cent re  
(U.K. ) Conference on "River  P o l l u t i o n  Con t ro l " ,  Oxford, 
9 - 1 1  A s r i l ,  1979. 
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INTRODUCTION 
In 1978, work on mathematical modeling of environmental 
impacts of crop production was initiated at IIASA. The main 
objective of this work was to clarify the state-of-the-art 
with implementation of mathematical models for the assessment 
of crop production environmental impacts. The major emphasis 
was focused on the environmental consequences of dry farming. 
Soil erosion, nitrogen leaching, and phosphorus and pesticide 
losses from cropland were singled out as the most important 
field-scale environmental effects of dry farming which poten- 
tially can lead to large-scale environmental impacts (eutro- 
phication, water pollution, cropland losses). The work in this 
field was begun by considering the hydrological and major natu- 
ral biogeochemical processes which, through a chain of events, 
cause these environmental effects. It became apparent that 
there are many mathematical models describing single processes 
such as water percolation, runoff, nitrogen mineralization, 
nitrification, denitrification, phosphorus precipitation and 
adsorption, evapotranspiration, nutrient uptake, pesticide 
degradation, etc. Moreover, a few complex models (CREAMS, ARM, 
ACTMO, etc.) have been developed. One of these complex models, 
CREAMS, was transferred to IIASA and implemented by a number of 
NMO countries. Our experience in collecting and implementing 
various mathematical models convinced us not only of the neces- 
sity of refining collaborative efforts in this field, but also 
of the need to discuss some methodological questions. This was 
accomplished partly during the meetings (Planning Workshop, June 
1978; Conference on Environmental Management of Agricultural 
Watersheds, April 1979) organized by our task, "Environmental 
Problems of Agriculture." The present Task Force Meeting, Model- 
ing of Agricultural-Environmental Processes Related to Crop 
Production, was organized in order to summarize both our own 
r e s u l t s  and c o l l a b o r a t i v e  e f f o r t s  i n  t h e  f i e l d  of  ma themat ica l  
modeling f o r  env i ronmenta l  impacts  and t o  o u t l i n e  t h e  p l a n  f o r  
t h e  comple t ion  of  t h i s  work a t  IIASA. 
THE OPENING SESSION 
The opening s e s s i o n  was c h a i r e d  by G.  Golubev. I n  h i s  i n t r o -  
d u c t o r y  speech ,  he  informed t h e  a u d i e n c e  a b o u t  t h e  a c t i v i t i e s  
and major  r e s u l t s  o f  t h e  IIASA Task on "Environmenta l  Problems 
of  A g r i c u l t u r e "  and o u t l i n e d  t h e  f o c a l  p o i n t s  o f  t h e  meet ing .  
Then, I<. P a r i k h ,  a c t i n g  l e a d e r  o f  t h e  Food and A g r i c u l t u r e  Pro- 
gram a t  IIASA, s t a t e d  t h e  g e n e r a l  i s s u e s  o f  FAP a c t i v i t y .  J. 
H i r s  spoke a b o u t  t h e  major  aims and approaches  i n  s t u d y i n g  t h e  
technology-resource-envi ronment  i n t e r a c t i o n s .  I n  c l o s i n g  t h e  
s e s s i o n ,  I .  Shvytov d i s c u s s e d  t h e  r e a s o n s  f o r  choos ing  t h e  sub- 
j e c t  o f  t h e  Task Force  Meeting by o u t l i n i n g  t h e  problems f o r  
t h e  modeling o f  a g r i c u l t u r a l - e n v i r o n m e n t a l  p r o c e s s e s  r e l a t e d  
t o  c r o p  p r o d u c t i o n ,  t h e  o b j e c t i v e s  of  t h e  mee t ing  and t h e  ex- 
p e c t e d  r e s u l t s .  I n  p u r s u i n g  t h e  main g o a l ,  t h e  mee t ing  focused 
on : 
d i s c u s s i o n s  o f  t h e  s t a t e - o f - t h e - a r t  o f  t h e  develop-  
ment o f  ma themat ica l  models d e s c r i b i n g  environmen- 
t a l  p r o c e s s e s  r e l a t e d  t o  c r o p  p r o d u c t i o n ,  ma in ly  
impac t s  of  a g r i c u l t u r e  on t h e  envi ronment ;  
improvement o f  t h e  g u i d e l i n e s  f o r  comple t ion  o f  
IIASA r e s e a r c h  i n  t h e  f i e l d  of  ma themat ica l  
modeling f o r  env i ronmenta l  impac t s  of  a g r i c u l t u r e ;  
r e f i n e m e n t o f  c o l l a b o r a t i v e  e f f o r t s  w i t h  o t h e r  re- 
s e a r c h  o r g a n i z a t i o n s .  
The second p a r t  o f  t h e  opening s e s s i o n  was based on two 
major  p a p e r s :  "A H i e r a r c h i c a l  Approach t o  A g r i c u l t u r a l  Produc- 
t i o n  Model ing ,"  p r e s e n t e d  by C.T. d e  W i t  and "The Modeling of 
Environmental  Impacts  of  Crop P r o d u c t i o n , "  by D. H a i t h .  Both 
p a p e r s  p rov ided  i n f o r m a t i o n  c o n c e r n i n g  c u r r e n t  models and model- 
i n g  b a s e s .  A s  a  r e s u l t  o f  d i s c u s s i o n  of  t h e  f i r s t  p a p e r ,  it 
was concluded t h a t  s i m u l a t i o n  models d e s c r i b i n g  n a t u r a l  p r o c e s s e s  
o f  c r o p  p r o d u c t i o n  sys tems  s h o u l d  be  combined w i t h  l i n e a r  pro- 
gramming models o f  a g r i c u l t u r a l  management. The s i m u l a t i o n  mod- 
e l s  s h o u l d  p r o v i d e  s e l e c t e d  i n p u t s ,  such as y i e l d ,  n i t r o g e n  
l e a c h i n g ,  and n u t r i e n t  and sed iment  losses f o r  t h e  LP models.  
Both s i m u l a t i o n  and LP models a r e  l i n k e d  t o  a " r e c l a m a t i o n  l e v e l , "  
which i s  a  key d e t e r m i n a n t  f o r  management o p t i o n s  a s  w e l l  as 
f e a s i b l e  combina t ions  of  n u t r i e n t ,  w a t e r ,  and o t h e r  material  
i n p u t s .  I n  g e n e r a l ,  t h e  a g r i c u l t u r a l - e n v i r o n m e n t a l  models s h o u l d  
p r o v i d e  a  means f o r  a n a l y z i n g  a  v a r i e t y  o f  c r o p  p r o d u c t i o n  manage- 
ment problems,  w h i l e  a l l o w i n g  f o r  p o t e n t i a l  env i ronmenta l  impac t s .  
The paper  by D.  H a i t h  d e a l s  w i t h  mathemat ica l  models f o r  
a n a l y z i n g  n o n p o i n t  s o u r c e  w a t e r  p o l l u t i o n  from c r o p l a n d .  These  
models a r e  mainly  chemica l  and sed iment  l o a d i n g  models ,  b u t  a l s o  
i n c l u d e  p l a n n i n g  and management models ,  which encompass r e g i o n a l  
p l a n n i n g ,  wa te r shed  p l a n n i n g ,  and farm management models.  H a i t h  
d i s c u s s e s  f o u r  o p e r a t i o n a l  models developed a t  C o r n e l l  U n i v e r s i t y  
and based on t h e  Curve Number Runoff Equa t ion  o f  t h e  U.S. S o i l  
Conse rva t ion  S e r v i c e  and t h e  U n i v e r s a l  S o i l  Loss  Equa t ion .  I t  
was recommended t h a t  t h e  Watershed Loading F u n c t i o n s  Model c o u l d  
be used t o  e s t i m a t e  chemica l  e x p o r t  i n  s t r e a m  f low from a g r i c u l -  
t u r a l  wa te r sheds .  Both t h e  P e s t i c i d e  Runoff Model and C o r n e l l  
N u t r i e n t  S i m u l a t i o n  Model can  b e  used t o  p r e d i c t  l o s s e s  o f  p e s t i -  
c i d e s  and n u t r i e n t s  w i t h  r u n o f f  a s  w e l l  a s  n i t r o g e n  l e a c h i n g  
from a g r i c u l t u r a l  f i e l d s .  The Farm Management Model is  a  s i m p l e  
l i n e a r  programming model which can  b e  used t o  maximize farm in -  
come a l l o w i n g  f o r  c o n s t r a i n t s  on n i t r o g e n ,  phosphorus ,  and s e d i -  
ment l o s s e s  from t h e  farm. 
THE NITROGEN LEACHING PROBLEM 
The p r e s e n t a t i o n s  on n i t r a t e  l e a c h i n g  i n d i c a t e d  t h a t  t h i s  
a s p e c t  o f  n i t r o g e n  b e h a v i o r  i n  t h e  s o i l - p l a n t  sys tem i s  a d e q u a t e l y  
s i m u l a t e d .  One o f  t h e  p r e s e n t e d  models showed t h a t  n i t r o g e n  
l e a c h i n g  can  make a  s i g n i f i c a n t  impact  on t h e  e f f i c i e n c y  o f  n i -  
t r o g e n  f e r t i l i z e r  u s e  and t h e r e f o r e ,  on e n v i r o n m e n t a l l y  u n d e s i r -  
a b l e  w a s t e  of  t h e  n i t r a t e  form o f  n i t r o g e n .  The model by T.M. 
A d d i s c o t t  a l l o w s  f o r  t h e  e f f e c t s  o f  s o i l  a g g r e g a t i o n ,  p a r t i c u -  
l a r l y  t h e  hold-back s o l u t e s .  I t  was concluded t h a t  one  needs  t o  
d i s t i n g u i s h  between nonmobile w a t e r  which h o l d s  back s o l u t e s ,  and 
mobi le  w a t e r  i n  t h e  a n i o n  e x c l u s i o n  zone,  which d o e s  n o t  h o l d  back 
s o l u t e s .  There was d i s c u s s i o n  a s  t o  whe the r  t h e r e  is a  r e a l  d i f -  
f e r e n c e  between t h e  c a s c a d e  model f o r  l e a c h i n g  and a  p i s t o n  f low 
model. The p a r t i c i p a n t s  ag reed  t h a t  t h e  answer s h o u l d  depend on 
t h e  r e l a t i o n s h i p  between t h e  s o i l  p r o f i l e  and t h e  s i z e  o f  t h e  
r a i n f a l l  i n p u t .  I t  was a l s o  p o i n t e d  o u t  t h a t  a l l o w a n c e  must b e  
made f o r  t h e  n i t r i f i c a t i o n ,  m i n e r a l i z a t i o n ,  i m m o b i l i z a t i o n ,  and 
d e n i t r i f i c a t i o n  o f  n i t r o g e n .  There  a r e  now models f o r  n i t r i f i -  
c a t i o n ,  m i n e r a l i z a t i o n ,  i m m o b i l i z a t i o n ,  and d e n i t r i f i c a t i o n ,  b u t  
t h e s e  models have  o n l y  p a r t l y  been combined w i t h  models f o r  t h e  
o t h e r  p r o c e s s e s  s i g n i f i c a n t  f o r  n i t r o g e n  l e a c h i n g .  A t  p r e s e n t ,  
one  o f  t h e  main problems i n  t h e  a p p l i c a t i o n  o f  n i t r o g e n  l e a c h i n g  
m o d e l s f o r  p r a c t i c a l  purposes  i s  t h e  absence  o f  w e l l  d e f i n e d  cri-  
t e r i a ,  i n d i c a t i n g  t o  what  d e g r e e  n i t r a t e  l e a c h i n g  i s  a c c e p t a b l e .  
SURFACE LOSSES OF CHEMICALS FROM CROPLAND 
S i n c e  h y d r o l o g i c a l  phenomena i n  c r o p l a n d  a r e a s  c o n s t i t u t e  
some o f  t h e  main f a c t o r s  which l e a d  t o  l o s s e s  of c h e m i c a l s ,  pa r -  
t i c u l a r  a t t e n t i o n  was p a i d  t o  w a t e r  b a l a n c e  p r o c e s s e s .  J.  Balek 
d i s c u s s e d  v a r i o u s  l i m i t a t i o n s  and c o n s t r a i n t s  p l a c e d  on v a r i o u s  
s i m u l a t i o n  models f o r  d e s c r i b i n g  t h e  h y d r o l o g i c a l  phenomena. I t  
was p o i n t e d  o u t  t h a t  t h e r e  i s  a  l a c k  o f  d a t a  b a s e s  f o r  p r o v i d i n g  
model pa ramete r  e s t i m a t e s  a s  w e l l  a s  v e r i f i c a t i o n  o f  model o u t -  
p u t s  and t h e r e f o r e ,  models  shou ld  be  b u i l t  w i t h  t h i s  l i m i t a t i o n  
i n  mind. A t  p r e s e n t ,  t h e  e x t e n s i o n  o f  b o t h  e x i s t i n g  h y d r o l o g i c a l  
models and e x p e r i m e n t a l  d a t a  from t h e  f i e l d  and wa te r shed  l e v e l s  
t o  t h e  r e g i o n a l  l e v e l  poses  a  problem. 
M. Holy p r e s e n t e d  a  mathemat ica l  model of  s u r f a c e  r u n o f f  
from a  uni form s l o p e .  The s o l u t i o n  of  t h i s  ma themat ica l  model 
e n a b l e s  c a l c u l a t i o n  o f  t h e  a v e r a g e  v e l o c i t y  and h e i g h t  o f  t h e  
s u r f a c e  r u n o f f  a t  any p o i n t  on t h e  s l o p e ,  a s  w e l l  a s  t h e  t o t a l  
volume o f  r u n o f f  a t  t h e  bot tom of  t h e  s l o p e .  M. Holy s u g g e s t e d  
t h a t  t h e  s i m u l a t i o n  o f  r u n o f f  i n  a n  e n t i r e  ca tchment  is p o s s i b l e  
by matching t h e  r u n o f f  from s e v e r a l  s l o p e s  w i t h i n  t h e  modeled 
a r e a .  L 
S.  Rao p r e s e n t e d  a  s t a t e - o f - t h e - a r t  r ev iew o f  models f o r  
s i m u l a t i n g  p e s t i c i d e  b e h a v i o r  i n  agroecosys tems.  Very d e t a i l e d  
and complex models a s  w e l l  a s  s i m p l e ,  p h y s i c a l l y - b a s e d  models 
f o r  r e t e n t i o n ,  t r a n s f o r m a t i o n ,  and l o s s e s  o f  p e s t i c i d e s  w e r e  
d i s c u s s e d .  
I t  was concluded t h a t  t h e  c e n t r a l  problem i s  n o t  a  l a c k  o f  
ma themat ica l  models b u t  t h a t  o f  s e l e c t i n g  a n  a p p r o p r i a t e  model 
and v e r i f y i n g  it. The mee t ing  p i n p o i n t e d  t h e  problems o f  i n -  
dependen t ly  e s t i m a t i n g  t h e  l a r g e  number o f  p a r a m e t e r s  i n  complex 
models.  The problem is  a s s o c i a t e d  w i t h  t h e  v a r i a b i l i t y  o f  s o i l  
p r o p e r t i e s  d e t e r m i n i n g  p e s t i c i d e  f a t e .  I t  was recommended t h a t  
r a t h e r  t h a n  comparing a v e r a g e  measured r e s p o n s e ,  t h e  c o n f i d e n c e  
l i m i t s  o f  s i m u l a t i o n ,  a s  w e l l  a s  measurements,  s h o u l d  be  con- 
s i d e r e d .  
SIMULATION OF ECOLOGICAL ASPECTS 
OF CROP PRODUCTION ENVIRONMENT 
Environmental  a s p e c t s  o f  c r o p  p r o d u c t i o n  sys tems  w e r e  d i s -  
cussed  i n  c o n n e c t i o n  w i t h  e c o l o g i c a l  p r o c e s s e s  s t u d i e d  w i t h  b o t h  
s i m p l e  and complex models .  S p e c i a l  a t t e n t i o n  was g i v e n  t o  t h e  
e x p e r i e n c e  i n  a p p l y i n g  t h e s e  models when making management d e c i -  
s i o n s .  Two d e t e r m i n i s t i c  models o f  C .  Lyons' f o r  a s s e s s i n g  t h e  
e f f e c t s  o f  m e t e o r o l o g i c a l  c o n d i t i o n s  on  c r o p  p r o d u c t i o n  and t h e  
e f f e c t s  o f  t h e  a g r i c u l t u r a l  environment  eco logy  w e r e  c o n s i d e r e d .  
T h i s  t y p e  o f  mcdel i s  u s u a l l y  fo rmula ted  a s  a  series o f  e q u a t i o n s  
describing p h y s i c a l ,  chemica l ,  and b i o l o g i c a l  p r o c e s s e s .  One o f  
t h e  problems o f  t h i s  t y p e  o f  model i s  t h a t  it c o n s i s t s  o f  a  c o l -  
lec;!e>n o f  submodels,  and a l t h o u g h  t h e  i n d i v i d u a l  submodels a r e  
v e r i f :  >d l  it may n o t  b e  e a s y  t o  do t h e  same f o r  t h e  o v e r a l l  model. 
I t  was concluded t h a t  because  o f  t h e  complex i ty  o f  t h e s e  models 
and t h e i r  l a r g e  pa ramete r  r e q u i r e m e n t s ,  t h e y  a r e  d e s i g n e d  more 
f o r  u n d e r s t a n d i n g  t h e  s i t u a t i o n  t h a n  f o r  making management pre-  
d i c t i o n s .  I t  was recommended t h a t  0. S i r o t e n k o ' s  model p o s s i b l y  
c o u l d  b e  used f o r  making d e t a i l e d  e s t i m a t i o n s  o f  p l a n t  evapo- 
t r a n s p i r a t i o n ,  s o i l  w a t e r  c o n t e n t ,  and p l a n t  p r o d u c t i o n .  More- 
o v e r ,  t h i s  and s i m i l a r  t y p e s  o f  models c a n  a l s o  b e  used t o  pre-  
d i c t  t h e  e f f e c t s  o f  a d d i t i o n a l  i r r i g a t i o n  o r  c l i m a t i c  changes  on 
c r o p  y i e l d .  T h i s  i n f o r m a t i o n  c o u l d  b e  used f o r  making a  manage- 
ment d e c i s i o n .  
The s i m p l e  model p r e s e n t e d  by B. Trenba th  examined t h e  s t a -  
b i l i t y  o f  food p roduc ing  sys tems  i n  d e v e l o p i n g  c o u n t r i e s ,  w i t h  
t h e  o b j e c t i v e  o f  d i s c o v e r i n g  how t h e s e  sys tems c o u l d  be  more 
s t a b i l i z e d .  The model a l l o w s  d e c i s i o n s  t o  b e  made c o n c e r n i n g  
t h e  v a l u e  o f  d i f f e r e n t  c r o p p i n g  p r a c t i c e s  and  c r o p p i n g  s y s t e m s .  
Two p a p e r s  d e a l t  w i t h  s t a t i s t i c a l  models  which e n a b l e  o n e  
t o  e s t i m a t e  p o t e n t i a l  r e s o u r c e s  f o r  b i o l o g i c a l  p r o d u c t i v i t y  i n  
Hungary ( K .  R a j k a i ,  I .  V a l y i )  . An a p p r o a c h  p r e s e n t e d  by V a l y i  
c a n  be  u sed  t o  a s s e s s  p r o j e c t e d  y i e l d s  o f  whea t  and  maize  b a s e d  
on t h e  d a t a  d e r i v e d  f rom t h e  knowledge o f  e x p e r t s .  The models  
o f  t h i s  t y p e  c a n  b e  u s e d  f o r  d e t a i l e d  a n a l y s i s  o f  t h e  l i m i t i n g  
e f f e c t s  o f  s o i l  and  c l i m a t e  o n  p o t e n t i a l  y i e l d .  
S p e c i a l  d i s c u s s i o n s  w e r e  h e l d  a b o u t  models  f o r  a n a l y z i n g  
t h e  economic a s p e c t s  o f  management p o l i c i e s  a f f e c t i n g  t h e  e n v i -  
ronment .  The u s e  o f  s i m p l e  mode l s  t o  e s t i m a t e  t h e  n e t  s o c i a l  
c o s t  o f  impos ing  v a r i o u s  a g r i c u l t u r a l  management s y s t e m s  was 
i l l u s t r a t e d  by K .  F r o h b e r g ,  who compared t h e  cos t  o f  v a r i o u s  
m e a s u r e s  t o  l i m i t  s o i l  e r o s i o n  and  w a t e r  p o l l u t i o n .  I t  was 
a g r e e d  t h a t  t h e  p rob lem o f  mode l ing  t r a d e - o f f s  be tween  e n v i r o n -  
ment and  a g r i c u l t u r a l  economics  n e e d s  t o  b e  f u r t h e r  e l a b o r a t e d .  
COMPLEX MODEL DEVELOPMENT AND APPLICATIONS 
A f i e l d  s c a l e  model f o r  Chemica l s ,  Runof f ,  and  E r o s i o n  f rom 
A g r i c u l t u r a l  Management Sys t ems  (CREAMS model )  was c o n s i d e r e d  a s  
a n  example  o f  a  complex model .  W .  K n i s e l  p r e s e n t e d  t h e  b a s i c  
components  o f  t h e  CREAMS model and  emphas i zed  t h a t  t h i s  model 
s h o u l d  b e  u s e d  t o  c o n s i d e r  a l t e r n a t i v e  management p r a c t i c e s  f o r  
n o n p o i n t  s o u r c e  p o l l u t i o n  i n  f i e l d - s i z e  a r e a s .  The f i e l d  was 
d e f i n e d  a s  a n  a r e a  w i t h  homogeneous s o i l ,  s i n g l e  management 
p r a c t i c e ,  s i n g l e  c r o p ,  and  u n i f o r m  w e a t h e r  c o n d i t i o n s .  An exam- 
p l e  o f  CREAMS a p p l i c a t i o n  was g i v e n  by W .  K n i s e l .  The model was 
u sed  t o  compare e r o s i o n  r e s u l t i n g  f rom t h r e e  management p r a c t i c e s  
common i n  t h e  S o u t h e r n  Piedmont  l a n d  r e s o u r c e  a r e a  o f  t h e  U n i t e d  
S t a t e s .  
G .  Golubev and  I .  S h v y t o v  p r e s e n t e d  i n  t u r n  t h e  r e s u l t s  o f  
IIASA work w i t h  t h e  CREAMS model and i t s  a p p l i c a t i o n  t o  a  number 
o f  c o u n t r i e s .  A p p l i c a t i o n  and  s t a t u s  w e r e  g i v e n  a s  shown i n  t h e  
f o l l o w i n g  t a b l e :  
C o u n t r y  Problem S t a t u s  
Sweden N- l each ing  
C z e c h o s l o v a k i a  N- l each ing ,  
e r o s i o n  
Po land  
GDR 
UK 
USSR 
Hungary 
N- l each ing  
N- l e a c h i n g  
E r o s i o n  
N - s i m u l a t i o n  
Hydrology s i m u l a t i o n  
S i m u l a t i o n  
Chemica l  l o s s e s  H y d r o l o g i c  s i m u l a t i o n  
Phosphorus  l o a d i n g  Da ta  c o l l e c t i o n  
The most e x t e n s i v e  a p p l i c a t i o n  h a s  been i n  Sweden i n  t h e  Western 
~ k a n e  a r e a .  N i t r o g e n  l e a c h i n g  s i m u l a t i o n  h a s  been developed f o r  
p o t a t o e s  and wheat  w i t h  and w i t h o u t  i r r i g a t i o n .  D r .  E n d e r l e i n  
p r e s e n t e d  t h e  r e s u l t s  o f  t h e  CREAMS model a p p l i c a t i o n  f o r  t h e  
S c h a e f f e r g r a b e n  b a s i n  i n  t h e  GDR. Real  p o t e n t i a l  evapo t rans -  
p i r a t i o n  i n  t h i s  b a s i n  i s  a b o u t  3 0 %  h i g h e r  t h a n  t h a t  computed 
w i t h  t h e  CREAMS model. 
The mee t ing  d i s c u s s e d  some problems o f  CREAMS a p p l i c a t i o n .  
I t  was no ted  t h a t  t h e  main problem i n  t h e  a p p l i c a t i o n  o f  CREAMS 
is  s t i l l  i n  t h e  e s t i m a t i o n  o f  pa ramete r  v a l u e s .  Very l i t t l e  
d a t a  f o r  s o i l s ,  i n c l u d i n g  a  d e s c r i p t i o n  of  a  c u r v e  number f o r  
t h e  h y d r o l o g i c a l  submodel, a r e  a v a i l a b l e .  I n  t h e  d i s c u s s i o n ,  
it was p o i n t e d  o u t  t h a t  even t h e  handbook does  n o t  p r o v i d e  good 
numer ica l  d e s c r i p t i o n s  f o r  h y d r o l o g i c a l  s o i l  g roups .  I t  i s  y e t  
more d i f f i c u l t  t o  e s t i m a t e  t h e  s o i l  chemical  and p l a n t  phys io log-  
i c a l  pa ramete r s  r e q u i r e d  by CREAMS. 
A s p e c i a l  d i s c u s s i o n  was h e l d  t o  c l a r i f y  t h e  m a t t e r  o f  t h e  
development and a p p l i c a t i o n  o f  complex models.  A s  a  r e s u l t ,  
it was p o i n t e d  o u t  t h a t :  
-- t h e r e  a r e  s e v e r a l  c u r r e n t  complex models i n  t h i s  f i e l d  
(CREAMS, ACTMO, APM, e t c . )  which it would be  v e r y  i n t e r -  
e s t i n g  t o  compare; 
-- s i m u l a t i o n  comparison o f  d i f f e r e n t  ma themat ica l  models 
is  v e r y  d i f f i c u l t  t o  do;  it i s  l o g i c a l  t o  b e g i n  w i t h  
d e s c r i p t i v e  comparison;  
-- s p e c i a l  a t t e n t i o n  s h o u l d  b e  p a i d  t o  complex models which 
do n o t  need c a l i b r a t i o n ;  
-- a  model s h o u l d  n o t  b e  used  f o r  c o n d i t i o n s  o u t s i d e  t h e  
development  o b j e c t i v e s ;  t h i s  a p p l i e s  t o  CREAMS o r  o t h e r  
f i e l d - s c a l e  models a s  w e l l  a s  t o  wa te r shed  and b a s i n  
models;  
-- s e n s i t i v i t y  a n a l y s i s  i s  v e r y  u s e f u l  f o r  complex models 
w i t h  l a r g e  numbers o f  pa ramete r s ;  
-- t h e  b e s t  way t o  a p p l y  t h e  CREAMS model i s  t o  r u n  it f o r  
" t y p i c a l "  o r  " r e p r e s e n t a t i v e "  a r e a s .  
SUMMARY OF THE GENERAL DISCUSSION 
G .  Golubev, a s  chairman o f  t h e  s e s s i o n ,  opened t h e  g e n e r a l  
d i s c u s s i o n  by p o i n t i n g  o u t  t h a t  models b u i l t  f o r  t h e  a n a l y s i s  o f  
a g r i c u l t u r a l - e n v i r o n m e n t a l  p r o c e s s e s  r e l a t e d  t o  c r o p  p r o d u c t i o n  
a r e  commonly set  -1p a t  t h e  f i e l d  s c a l e  l e v e l .  But a l l  p r a c t i c a l  
problems a r i s e  on a  l a r g e r  s c a l e ,  e . g . ,  a t  t h e  w a t e r s h e d ,  r i v e r  
b a s i n ,  o r  even l a r g e r  s c a l e  l e v e l .  Fol lowing t h i s  o b s e r v a t i o n ,  
he  concluded t h a t  t h e  f o l l o w i n g  t h r e e  q u e s t i o n s  shou ld  f i r s t  b e  
d i s c u s s e d :  
( 1 )  How can f i e l d  l e v e l  r e s u l t s  be  a g g r e g a t e d  t o  a  l a r g e r  
s c a l e  l e v e l  and what a r e  t h e  problems invo lved  i n  do ing  
t h i s ?  
( 2 )  I n s t e a d  o f  a g g r e g a t i n g  f i e l d  l e v e l  r e s u l t s ,  would it 
be  p r e f e r a b l e  t o  use  d i f f e r e n t  models  f o r  a  l a r g e  s c a l e ?  
HOW c o u l d  a  subcomponent o f  t h e  model f o r  t h e  a n a l y s i s  
o f  t h e  w a t e r  q u a l i t y  o f  s t r e a m s  b e  an i n t e g r a l  p a r t  o f  
t h e  whole model sys tem? 
( 3 )  How can  t h e s e  s i m u l a t i o n  models b e  i n t e g r a t e d  i n t o  one  
model which i n v e s t i g a t e s  v a r i o u s  p o l i c y  o p t i o n s  w i t h  
r e g a r d  t o  t h e  economic e f f e c t  o f  r e d u c i n g  t h e  env i ron-  
menta l  stress r e l a t e d  t o  c r o p  p r o d u c t i o n ?  T h i s  would 
be a n  i m p o r t a n t  a i d  i n  t h e  d e c i s i o n  making p r o c e s s .  
An answer g i v e n  by C .  Lyons t o  q u e s t i o n s  ( 1 )  and ( 2 )  won t h e  con- 
s e n s u s  o f  many p a r t i c i p a n t s .  H e  s u g g e s t e d  t h a t  a  h i e r a r c h i c a l  
model sys tem b e  set up. Many s m a l l - s c a l e  models would b e  r u n  on 
t h e  f i r s t  l e v e l  and t h e i r  r e s u l t s  be  p u t  i n t o  a  model set up f o r  
a  l a r g e r  s c a l e .  I n  t h i s  way, one  can  a v o i d  t h e  a g g r e g a t i o n  prob- 
l e m s  mentioned i n  t h e  f i r s t  q u e s t i o n .  I n  modeling t h e  l a r g e r  
s c a l e  l e v e l ,  o n e  c a n  draw on e x p e r i e n c e  g a i n e d  from working on 
t h e  s m a l l e r  s c a l e .  The r e s u l t s  o b t a i n e d  from t h e  s m a l l e r  s c a l e  
models w i l l  b e  used t o  enhance t h e  performance  o f  t h e  l a r g e r  mod- 
e l  and hence  produce  more a c c u r a t e  v a l u e s .  
Many p a r t i c i p a n t s  e x p r e s s e d  doub t  t h a t  t h e  modeling o f  t h e  
d i f f u s i o n  o f  p o l l u t a n t s  i n  waterways c o u l d  b e  accompl ished a t  
a  s a t i s f a c t o r y  l e v e l .  Only a  few a t t e m p t s  have  been made t o  
i n v e s t i g a t e  t h i s  problem. However, it was r e c o g n i z e d  t h a t  i n  
t h e  f u t u r e ,  t h i s  s h o u l d  b e  g i v e n  more a t t e n t i o n  i n  r e s e a r c h .  
No consensus  c o u l d  b e  reached  w i t h  r e g a r d  t o  t h e  t h i r d  ques- 
t i o n .  I t  was, however,  a g r e e d  t h a t  t h i s  k ind  o f  work is needed 
and t h a t  c o o p e r a t i v e  work w i t h  economis t s  s h o u l d  b e  i n i t i a t e d .  
C.T. d e  W i t  enumerated t h e  d i f f i c u l t i e s  which a r i s e  i n  such  co- 
o p e r a t i v e  work and s t r e s s e d  t h e  impor tance  o f  m a i n t a i n i n g  a f low 
o f  i n f o r m a t i o n  between economis t s  and n a t u r a l  s c i e n t i s t s  when 
b u i l d i n g  such economica l -phys ica l  models.  It is  a l s o  o f  impor- 
t a n c e  t h a t  t h e  a c t o r  i n  t h e  sys tem b e  r e c o g n i z a b l e  and t h a t  t h e  
r e s u l t s  c a n  be  v i s u a l i z e d .  A s  a n  example, d e  W i t  mentioned t h e  
j o i n t  modeling work under taken  by a g r o n o m i s t s  and s o i l  s c i e n t i s t s  
a t  t h e  U n i v e r s i t y  o f  Wageningen and economis t s  from t h e  C e n t r e  
f o r  World Food S t u d i e s  i n  Amsterdam. I n  t h e i r  s t u d y ,  t h e y  used 
a l i n e a r  programming approach a s  a n  i n t e r f a c e  sys tem between t h e  
p h y s i c a l  and economic a s p e c t s .  
D .  H a i t h  s t r e s s e d  t h a t  IIASA's d e c i s i o n  t o  e s t a b l i s h  a  model 
bank was a  v e r y  i m p o r t a n t  s t e p  i n  t h e  d i r e c t i o n  o f  enhanc ing  i n -  
t e r d i s c i p l i n a r y  work. A f t e r  men t ion ing  t h e  d i f f i c u l t i e s  encoun- 
t e r e d  i n  j o i n t  r e s e a r c h  among d i f f e r e n t  d i s c i p l i n e s ,  he  c o n g r a t -  
u l a t e d  I. Shvytov f o r  h i s  accomplishments  i n  s e t t i n g  up t h i s  
wor ld  bank, t h u s  b r i d g i n g  some o f  t h e  gaps  among d i s c i p l i n e s .  
S e v e r a l  p a r t i c i p a n t s  a l s o  p o i n t e d  o u t  t h e  need f o r  t h e  es- 
t a b l i s h m e n t  o f  a  d a t a  b a s e  f o r  t e s t i n g  and comparing models.  
Such a d a t a  se t  c o u l d  e i t h e r  b e  based on r e a l  o b s e r v a t i o n s  or 
on a s y n t h e t i c a l l y  g e n e r a t e d  set.  IIASA would b e  t h e  b e s t  p l a c e  
t o  e s t a b l i s h  t h i s  d a t a  b a s e  and c a r r y  o u t  t h e  t e s t i n g  p r o c e d u r e ,  
a s  w e l l  a s  t o  compare t h e  mode l ' s  performance.  
CONCLUSION 
W e  d e f i n e  "env i ronmenta l  impact"  o f  c r o p  p r o d u c t i o n  a s  any 
q u a n t i t a t i v e  and /o r  q u a l i t a t i v e  change o f  env i ronmenta l  s t a t u s  
due  t o  c r o p  p r o d u c t i o n  a c t i v i t y .  Of c o u r s e ,  a l l  t h e s e  changes  
o f  env i ronmenta l  s t a t u s  may be  bo th  " n e g a t i v e "  and " p o s i t i v e "  
a s  w e l l  a s  hav ing  b o t h  "minor" and "major" s i g n i f i c a n c e .  I n  
a d d i t i o n ,  each env i ronmenta l  impact  can  have  d i f f e r e n t  t i m e  and 
s p a c e  s c a l e s .  T h e r e f o r e ,  t o  a s s e s s  t h e s e  changes  w e  need w e l l -  
d e f i n e d  c r i t e r i a  i n d i c a t i n g  t o  what d e g r e e  t h e s e  changes  a r e  
a c c e p t a b l e .  
There is  no u n i v e r s a l  c r i t e r i o n ,  t h e r e f o r e  w e  c o u l d  o n l y  
c o n c e n t r a t e  on env i ronmenta l  impac t s  which have  w e l l - d e f i n e d  
c r i t e r i a  f o r  t h e i r  a s s e s s m e n t  ( n i t r a t e  p o l l u t i o n  o f  groundwater ,  
l o s s e s  o f  c r o p l a n d  and s e d i m e n t a t i o n ,  e u t r o p h i c a t i o n  o f  l a k e s  
and o t h e r  w a t e r  b o d i e s ,  p e s t i c i d e  p o l l u t i o n  o f  w a t e r  s o u r c e s ) .  
I n  o r d e r  t o  e v a l u a t e  t h e s e  impac t s ,  one  would need t o  have  a  
number o f  s i m u l a t i o n  models hav ing  t h e s e  impac t s  a s  " o u t p u t "  
and c r o p  p r o d u c t i o n  a c t i v i t y  a s  "model i n p u t . "  U n f o r t u n a t e l y ,  
t h e  m a j o r i t y  o f  t h e  c u r r e n t l y  e x i s t i n g  models ( n i t r o g e n  l e a c h i n g  
models ,  s o i l  e r o s i o n  and s e d i m e n t a t i o n  models,  nonpo in t  s o u r c e  
p o l l u t i o n  models)  d e s c r i b e  o n l y  i n t e r m e d i a t e  a g r i c u l t u r a l - e n v i r -  
onmental  p r o c e s s e s  which p o t e n t i a l l y  can  l e a d  t o  t h e s e  e n v i r o n -  
menta l  impac t s .  F i g u r e  1 i l l u s t r a t e s  t h e  p r e s e n t  s i t u a t i o n  
r e f l e c t i n g  t h e  n e c e s s i t y  o f  l i n k i n g  well-modeled p r o c e s s e s  w i t h  
env i ronmenta l  impac t s  need ing  e v a l u a t i o n .  There  a r e  two ways 
t o  accompl ish  t h i s .  The f i r s t  way i s  t o  e x t e n d  t h e  scope  o f  
modeling i n  o r d e r  t o  c o v e r  t h e  e n t i r e  c h a i n  from c r o p  p r o d u c t i o n  
th rough  t h e  a g r i c u l t u r a l - e n v i r o n m e n t a l  p r o c e s s e s  t o  t h e  env i ron-  
mental  impac t s .  Another  way would be  t o  s p e c i f y  t h e  c r i t e r i a  
f o r  a s sessment  o f  t h e  env i ronmenta l  h a z a r d s  on a  b a s i s  o f  c a l -  
c u l a t e d  o u t p u t s  from a  f i e l d  and /o r  a  wa te r shed .  Both approaches  
a r e  v i a b l e  and may b e  r e a l i z e d .  
W e  s u r m i s e  t h a t  one  o f  t h e  c e n t r a l  problems i n  modeling 
t h e  env i ronmenta l  impac t s  o f  a g r i c u l t u r e  is  t o  b r i d g e  t h e  gap 
d i s c u s s e d  above.  
Agricultural-environmental processes: 
- Nitrogen leaching 
-Soil erosion and sedimentation 
-Chemical losses from cropland 
Extension evelopment 
of simu- of well-defined 
lation criteria for 
modeling assessment 
Environmental impacts: 
- Nitrate pollution of groundwater 
- Losses of cropland and sedimentation 
- Eutrophication of lakes and other 
water bodies 
Figure 1. Linkage between environmental impacts and agricultural- 
environmental processes (dry farming crop product ion 
system). 
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